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The Pharmacological Relationship of Isomeric Barbituric 
Acid Derivatives* 


By Edward E. Swanson and W. E. Fryt 


In a previous communication (1), it was 
observed that there is obvious relationship 
between the pharmacological action and the 
chemical structure of certain barbituric acid 
derivatives. In the primary or secondary 
alkyl substituted compounds, with an in- 
crease in the number of C-atoms in the alkyl 
group, both the minimal anesthetic dose 
(M. A. D.) and the minimal lethal dose 
(M. L. D.) grow relatively smaller, but when 
the alkyl radical is longer than 5 C-atoms, 
the amount required to produce anesthesia 
or death in rats again increases. As the alkyl 
chain lengthens, the therapeutic index, or 
ratio between M. L. D. and M. A. D., ap- 
pears to be gradually greater. The duration 
of action becomes shorter as the alkyl chain 
lengthens to 6 C-atoms in the primary, and 
to 7 C-atoms in the secondary alkyl sub- 
stituted derivatives, but when the alkyl 
radical is longer than 6 C-atoms (primary 
alkyls) or 7 C-atoms (secondary alkyls), the 
duration of action in rats again increases. 
More recently, it has been reported that the 
substitution of a methyl, ethyl or an allyl 
group on the nitrogen in place of the hydro- 
gen (nitrogen alkyl substituted barbituric 
acid derivatives) (2), the substitution of an 


* Presented before the Scientific Section of the 
A. Pu. A., Atlanta meeting, 1939. 

+ From the Lilly Research Laboratories, Eli Lilly 
and Company, Indianapolis. 
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unsaturated alkyl radical (allyl and meth- 
allyl {2-methyl-allyl]) or a crotyl (3-methyl- 
allyl) (3,4) on one of the 5,5-positions, or a 
sulfur atom (5) in place of the oxygen on the 
2 C-atom obviously reduces the duration of 
action. This shorter duration of action is 
independent of the quantity of drug ad- 
ministered. 


EXPERIMENTAL 


The present investigation deals with the study of 
several series of isomeric substituted barbituric acid 
derivatives, synthesized by Shonle and his associ- 
ates of our organic chemical department, with the 
general formula: 


O H 
R C—N 
yp? 
\C—N 
OH 

wherein R may be alkyl radicals with 3 to 9 C-atoms. 

Albino rats weighing 81 to 120 Gm. (average, 
98 Gm.) and New Zealand rabbits weighing 1450 to 
2150 Gm. (average, 1750 Gm.) were used in this 
study. Solutions of the sodium salts of the com- 
pounds were injected intraperitoneally in rats and 
by vein in rabbits. The M. A. D., duration of ac- 
tion and the M. L. D. were determined by using 5 or 
more animals for each dose level. From these data 
the median anesthetic dose (A. Dio = S. E.) 
and the median lethal dose (L. Do = S. E.) 
were computed according to the formula of Bliss (6). 
During the tests, the animals were kept in a constant 
temperature room (29.4° to 32.2° C.). 
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Table I.—Comparison of the Pharmacological Action of Two Isomeric Propyl Substituted Barbituric Acid 
rivatives, Injected Intraperitoneally 
Average 
Num- Observed, Duration 
ber mg. per Kg °o 
Isomeric Propyl Substituted of M.A.D. M.L.D M.A.D., Computed, mg. per Kg. 
Number Barbituric Acid Derivatives Rats Min A. Dw +S. E L. Doo = S. E. 
CH; 
cH 
1 27 «170220, 1520. «161.3 +24 200.5 12.2 
CH;CHy 
1-Methyl-ethyl-ethyl- 
CH;CH,CH; 
2 Sed 49 150 210 «1140 «141.1 204.7 + 3.6 
CH;CH; 


Normal-propyl-ethyl- 


Table I1.—Comparison of the Pharmacological Action of Three Isomeric Butyl Substituted Barbituric Acid 
Derivatives, Injected Intraperitoneally 


Average 
Dura- 
Num- Observed, tion 
ber mg. per Kg. of 
Isomeric Butyl Substituted of M. A.D. M.L.D. M.A.D., Computed, mg. per Kg 
Number Barbituric Acid Derivatives Rats Min A. Doo = E. L. Deo S. E. 
CH;CH.CH,CH, 
l Se 40 80 200 450 74.46 = 2.92 190.5 = 3.3 
Normal-butyl-ethyl 
| 
CH, 
CH,CHCH, , 
2 Sex 35 120 220 S40 112.4 212.6 *3.5 | 
CH;CHy, 
2-Methyl-propyl-ethyl- 
CH, 
CH;CH,CH.  , 
3 35 60 130 600 52.7 #2.57  122.8+2.7 
CH;CHy 


1-Methyl-propyl-ethyl- 


Table III.—Comparison of the Pharmacological Action of Five Isomeric Amy! or Pentyl Substituted Bar- 
bituric Acid Derivatives, Injected Intraperitoneall y 


Aver- 
age 
Dura 
Observed, tion 
Number mg. per Kg. of 
Isomeric Penty! Substituted of M.A.D. M.L.D. M.A.D., Computed, mg. per Kg. 
Number Barbituric Acid Derivatives Rats Min A. Dw + S. E. L. Dw = S. E. 
CH, 
CH;CH,CH,CH 
1 75 50 120 180 42.52+2.64 119.1+#3.7 
CH;CHy; 
1-Methyl-butyl-ethyl- 
CH; ] 
CH;CH,CHCH; 
2 48 80 230 190 74.54+3.02 222.743.5 
CH;CHy 
2-Methyl-butyl-ethyl- 
CH; 
CH;CHCH,CH;, 
3 Seg 55 8 210 200 80.26+1.58  204.9+3.2 
CH;CH, 
3-Methyl-butyl-ethyl- 
4 Sed 50 70 210 220 62.75 = 2.62 202.6 + 3.6 
CH;CHy 
Normal-pentyl-ethyl- 
CH;CH 
H 
5 ms 54 60 «100s «300s 56.53 94.91 + 4.69 
CH;CH 
1-Ethyl-propyl-ethyl- 
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Table IV.—Comparison of the Pharmacological Action of Four Isomeric Pentyl Substituted Thiobarbituric 


Acid Derivatives, Injected Intravenously 


Aver- 
age 
Num- Dura- 
ber Observed, tion 
of mg. per Kg. of 
Num- Isomeric Pentyl Substituted Rab- M.A.D. M.L.D. M.A.D., 
ber Thiobarbituric Acid Derivatives bits - 
in. 
CH, 
CH;CH.CH,.CH ONH 
1 »e 68 20 35 
CH;CH,, \CONH 
1-Methyl-butyl-ethyl-thio- 
CH, 
CH;CH.~ 
2-Methyl-butyl-ethyl-thio- 
CH, 
CH;CHCH,CH, CONH, 
3 =S 5 35 65 
CH;CH¢ conn” 


3-Methyl-butyl-ethyl-thio- 
CH;CH,CH:CH:CH, CONH, 
4 76 40 70 42 
CH;CH.” ‘SCON H’ 
Normal-pentyl-ethyl-thio- 


Computed, mg. per Kg. 


D.o + 5. E. 


18.59 + 0.68 


26.32 = 1.31 


32.24 = 1.48 


34.96 = 1.81 


28.41 + 2.34 


51.40 = 1.99 


61.22 = 1.79 


65.24 = 1.59 


Table V.—Comparison of the Pharmacological Action of Seven Isomeric Hexyl Substituted Barbituric Acid 


Derivatives, Injected Intraperitoneally 


Aver- 
age 
Dura- 
Num- Observed, tion 
ber mg. per Kg of 
Isomeric Hexyl Substituted of M.A M D. M.A.D., 
Number Bafbituric Acid Derivatives Rats Min. 
l Pe 66 100 250 45 
CH,CH“” 
Normal-hexyl-ethyl- 
CH, 
2 >< 45 120 400 60 


»C 
CH;CH.“ 
4-Methyl-pentyl-ethyl- 
CH, 
CH;CH,CH,CH.CH 
ree 
CH;CH, 
1-Methyl-pentyl-ethyl- 
CH, 
4 CH;CH,CH:CHCH 
Low m. p. PS 40 70 180 105 
CH;CHy, 
2-Methyl-pentyl-ethyl- 
CH; 
5 CH;CH,CH, J 


High m. p. PS 
CH;CHy, 
2-Methyl-pentyl- ethyl 


CH.CH; 
CH;CH,CHCHa 
CH;CHy 
2-Ethyl-butyl-ethyl- 
CH, CH, 
CH,CH; 
1, 3-Dimethyl-butyl-ethyl- 
* Convulsions, 


54 60 130 90 


40 70 180 210 


54 100 170 300 


~ 


Computed, mg. per Kg 
S. E. L. 


A. Dw = 5 


88.51 = 3.21 


109.6 + 6.80 


54.44 + 3.58 


64.52 = 3.03 


62.73 + 2.64 


70.18 = 3.20 


+S. E. 


242.9 = 6.7 


381.4 + 8.9 


127.2 = 3.9 


167.0 = 3.9 


161.5 = 6.2 


162.9 = 2.7 


|| 
| 
| 
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Table VI.—Comparison of the Pharmacological Action of Five Isomeric Heptyl Substituted Barbituric Acid 


to 


Derivatives, Injected Intraperitoneally 


Isomeric Hepty! Substituted 
Barbituric Acid Derivatives 


CH; CH; 
CH,;CHCH,CH,CH 
CH,CH,/ 
1, 4-Dimethyl-pentyl-ethyl- 
CHs CH; 
CH;CH; 
2, 4-Dimethyl-pentyl-ethyl- 
CH; CH; 


CH;CH,CHCH,CH 
De 
CH,CH” 
1, 3-Dimethyl-pentyl-ethyl- 
CH;CH,CHy, 
Ye H 


CH;CH, » 
1-Propyl-butyl-ethyl- 


CH;C 


CH;CHy, 
Normal-heptyl-ethyl- 


105 


107 


65 


Observed, 


mg. per Kg. of 
M.A.D. M.L.D. M.A.D., 


70 


70 


30 


120 


240 


140 


200 


65 


300 


Aver- 
age 
Dura- 
tion 


Min. 


50 


81 


120 


114.7 


Computed, 
A. Dw = S. E. 


72.09 = 3.62 


64.46 + 


2.98 


66.70 = 3.92 


26.31 = 1.31 


mg. per Kg. 


L. Do = S. E. 


235.4 = 4.60 


138.7 


+ 3.20 


190.6 


+ 3.20 


60.54 = 1.98 


290.4 +9.2 


Table VII.—Comparison of the Pharmacological Action of Five Isomeric Octyl Substituted Barbituric Acid 
Derivatives, Injected Intraperitoneall y 


bo 


Isomeric Octyl Substituted 
Barbituric Acid Derivatives 


CH, CH; 
CH;CH,CHCH,CHCH), 
CH;CH,.“ 
2, 4-Dimethyl-hexyl-ethyl- 
CH; 


CH,CH,CH,CHCH,CH,C Ha 


CH,CH 


4-Methyl-heptyl-ethyl 


CH;CH; 


CH,CH,“ 


1-Ethyl-hexyl-ethyl 
CH;CH; 


CH,CH,CH,CH,CHCH., 
cl 
CH,CH/” 


2-Ethyl-hexyl-ethyl- 
CH, 
CH;CH.CH,CH,CH,CH,CH 


CH;CHy 


1-Methyl-heptyl-ethyl- 


9 


39 


Observed, 


mg. per Kg of 
M.A.D. M.L.D. M.A.D., 


80 


230 


230 


230 


bo 
to 
o 


220 


Aver- 
age 
Dura- 


tion 


Min 


60 


60 


Computed, 
A. Dew 5S. E 


71.99 = 3.92 


bo 


.80 = 2.62 


to 


.76 = 2.63 


116.5 + 2.60 


mg. per Kg. 
L. Deo = S. E. 


222.7 = 3.60 


3 = 4.60 


to 
to 


226.7 + 2.70 
222.7 = 3.60 


210.5 = 3.20 


Tat 


| EE 

Num- 

um- 
1 6 0 | 
| 45 || 54 | 2 
3 I 
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Table VIII.—Comparison of the Pharmacological Action of Two Isomeric Nonyl Substituted Barbituric 
Acid Derivatives, Injected Intraperitoneally 


Aver- 
age 
ura- 
Num- tion 
ber per Kg. of 
Num- Isomeric Nonyl Substituted of M. "AS Do M. t 'D. M.A. D., Computed, mg. per Kg. 
ber Barbituric Acid Derivatives Rats Min. A. Dio = S. E. L. Doo * S. E. 
CH; CH:CH; 
CH;,CHCH,CH;CHCH 
1 4 54 140.340 321.3 = 6.40 
CH;CH; 
5-Methyl-2-ethyl- hexyl-ethy!- 
CH,CH,CH,CHCHCH, 
2 Filan < 50 160 400 240 151.1 = 3.90 375.8 = 10.60 
2 


3-Methyl-2-ethyl-hexyl-ethyl- 


In the propyl substituted isomers (Table I), the 
isopropyl derivative (l-methyl-ethyl-ethyl barbi- 
turic acid) has a longer duration of action than the 
normal-propyl-ethyl barbituric acid. The M. A. D. 
is slightly larger, but the therapeutic index is ap- 
proximately the same for both isomers. Normal- 
butyl-ethyl barbituric acid (butyl isomers, Table II) 
with a M. A. D. of 80 mg. per Kg. has a duration of 
action of 450 minutes. The M. A. D. of 2-methyl- 
propyl-ethyl barbituric acid is 120 mg. per Kg. and 
the duration of action 540 minutes. For the second- 
ary butyl (l-methyl-propyl-ethyl barbituric acid), 
the duration of action is 600 minutes and the M. A. 
D. 60 mg. per Kg. Thus, in the propyl and butyl 
isomeric barbituric acid derivatives, the secondary 
alkyl substituted compounds have a longer duration 
of action than their corresponding isomeric normal 
alkyl substituted derivatives. This variation in 
duration of action is independent of the amount 
necessary to produce anesthesia. 


As summarized in Tables III and IV, the amyl or 
pentyl substituted isomeric compounds and the 
pentyl substituted isomeric thiobarbituric acid de- 
rivatives show a more definite physiological rela- 
tionship to their chemical structure. The secondary 
pentyl (l-methylbutyl) substituted derivatives 
(compound No. 1 in Tables III and IV) have the 
smallest M. A. D. and the shortest duration of ac- 
tion of any of the pentyl isomers. As the methyl 
radical in the alkyl chain transfers from the 1- 
position (l-methyl-butyl) to the 2-position (2- 
methyl-butyl), or to the 3-position (3-methyl-butyl), 
and finally to the normal pentyl, the dosage or 
number of mg. per Kg. to produce anesthesia (M. A. 
D.) increases and the duration of action for each 
compound gradually becomes longer. Compound 
No. 5 in Table III, 1-ethyl-propyl-ethyl barbituric 
acid, has the longest duration of action of any of the 
pentyl isomers. 

Of the 6 hexyl isomers (Table V), the normal hexyl 
derivative has the shortest duration of action. De- 


rivatives Nos. 4 and 5 (2-methyl-pentyl) are optical 
isomers. Both compounds have the same M. A. D. 
(70 mg. per Kg.), but the duration of action of No. 5 


is twice as long as that of No. 4. Isomer No. 6 
(2-ethyl-butyl-ethyl) with a M. A. D. of 100 mg. per 
Kg. (100 mg. per Kg. is also the M. A. D. for 
isomer No. 1, normal hexyl) has a duration of action 
approximately six times longer than the normal 
hexyl substituted isomer. Thus, the duration of 
action of the hexyl isomers is independent of the 
size of the dose required to produce anesthesia. 
Curiously enough and unpredictable from a chemical 
structure point of view, as previously reported by 
Swanson (1), Knoefel (7) and Swanson and Chen 
(8), compound No. 7 (1,3-dimethyl-butyl-ethyl 
barbituric acid) is a powerful convulsant to warm- 
blooded animals but a true hypnotic to amphibians 
frogs and toads). 

As shown in Tables VI and VII, the 5 heptyl and 
the 5 octyl isomers show distinct differences in their 
duration of action. In the heptyl series of isomers, 
the normal heptyl derivative has the longest dura- 
tion of action, but in the octyl series the secondary 
octyl (1-methyl-heptyl) has the longest duration of 
action. Thus, in these two series of isomers, it is 
difficult to observe any pharmacological relationship 
with the chemical structure. 

In the 2 nonyl isomers (Table VIII), the M. A. D. 
is approximately the same for both compounds, but 
there is a distinct difference in their duration of ac- 
tion. The 3-methyl-2-ethyl-hexyl derivative has a 
duration of action that is twice as long as the 5- 
methyl-2-ethyl-hexyl substituted compound. Thus, 
the chemical structural difference of the methyl 
radical from the 3-position in the alkyl chain (3- 
methyl-5-ethyl-hexyl) to the 5-position (5-methyl-2- 
ethyl-hexyl) will double the length of duration of ac- 
tion without much change in the dosage (M. A. D.). 


SUMMARY 


1. Several series of isomeric barbituric 
acid derivatives have been studied. 

2. The minimal anesthetic dose, minimal 
lethal dose and the duration of action of the 
minimal anesthetic dose vary considerably 
among isomers. The duration of action is 
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independent of the quantity of the drug ad- 
ministered. 
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The Preparation and Study of 
Silver Antiseptics with and 
without Ephedrine* 


By A. Slessert and C. B. Jordant 


The therapeutic effect of silver has been 
known for many years. Silver in protein 
combinations finds wide use in modern ther- 
apy in the treatment of infections of the eye, 
nose and urinary tract. These commercial 
preparations of silver are made in protein 
combination in order to obtain stable prepa- 
rations with the desired disinfecting prop- 
erties of the silver salts but without their 
irritant action. Most of the preparations are 
inferior to silver nitrate so far as germicidal 
activity is concerned. 

The mild and strong protein silver prepa- 
rations of the U. S. P. XI are examples of 
typical protein silver combinations. How- 
ever, they, along with practically all other 
similar preparations, possess certain char- 
acteristics which are undesirable. The most 
important of these are: (1) their physical 
appearance, (2) their staining effect on the 
skin and clothing, (3) their instability and 
(4) their incompatibility with the alkaloid, 
ephedrine. 


* An abstract of a thesis submitted to the Faculty 
of Purdue University by Abraham Slesser in partial 
fulfilment of the requirements for the degree of 
Doctor of Philosophy, August 1939. An extensive 
bibliography accompanies the original thesis. 

+ Eli Lilly and Company Fellow, 1936-1939. 

t Dean, School of Pharmacy, Purdue University. 


Solutions of mild and strong protein silver 
should be freshly prepared before use be- 
cause, according to certain investigators, 
they lose some of their antiseptic activity and 
sometimes become irritant on standing. 

At times physicians desire to prescribe for 
use in the nasal passages a mixture contain- 
ing both silver and ephedrine, the former for 
its antiseptic effect and the latter for its 
shrinking action on the mucous lining of the 
nose. Combinations of alkaloids with silver 
in solution are unstable, particularly if the 
solution tends toward alkalinity, the silver 
being reduced. Hence the protein silver 
preparations, which are slightly alkaline in 
reaction, cannot be dispensed in combina- 
tion with ephedrine. 

It was for the purpose of preparing an 
effective silver antiseptic which would be 
free from the objectionable features of the 
protein silver medicaments and of the nitrate 
that this investigation was undertaken. 

A portion of the research was concerned 
with the testing of the antiseptic potency 
of the silver medicaments prepared. The 
test employed was one used by the Food and 
Drug Administration, namely, the agar plate 
penetration method, in which the zone of in- 
hibition of growth of organisms (from a 
standard culture of Staphylococcus aureus) 
immediately surrounding the antiseptic on a 
seeded agar plate is measured. The sodium 
chloride normally added to the nutrient agar 
medium was omitted when tests were per- 
formed on the organic silver preparations 
which yielded ionic silver in solution, in 
order to prevent the formation of slightly 
ionized silver chloride. 


EXPERIMENTAL 


PART ONE 


Hydrosols of silver were prepared by four different 
methods and penetration tests performed. The re- 
sults were not particularly significant because of 
variance in size of the particles. 

Fine gelatin-protected dispersions of the following 
silver salts were prepared and incorporated into 
ointment form: 


1. Silver chloride 

2. Silver chromate 
3. Silver thiocyanate 
4. Silver iodide 
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5. Silver bromide 
Silver oxide 
7. Silver phosphate 


The method of preparation was similar to that re- 
ported by Vicher, Snyder and Gathercoal (Jour. A. 
Pu. A., 26 (1937), 1241) for the preparation of 
finely dispersed calomel. Precautions were taken 
throughout the process to protect the suspensions 
from light. The zones yielded by each preparation 
are given in Table I. Ten plates were run on each 
sample and the average zone is given for each. 


Table I 
Width of Zone of 

Ointment Penetration 
Silver chloride 6.0 mm. 
Silver bromide 4.0 mm. 
Silver iodide 4.0 mm. 
Silver chromate 15.0 mm. 
Silver thiocyanate 12.0 mm. 
Silver phosphate 6.0 mm. 
Silver oxide 6.0 mm. 


A study of the solubility product constants of the 
above silver salts revealed the fact that the larger 
zones were yielded by the salts having the larger 
constants, that is, by the more soluble salts. 


PART TWO 


The object of this portion of the experimental work 
was the preparation of silver salts with fatty acids 
in an attempt to obtain emulsifiable forms of silver 
which might prove therapeutically useful. 

The silver salts of oleic, palmitic and stearic acids 
were prepared after the method of Whitmore and 
Lauro (1). 

Emulsification was attempted using olive oil and 
water but the emulsions formed were dirty, greyish, 
viscid preparations which ‘‘broke’’ when a slight ex- 
cess of water was added. According to Finkle, 
Draper and Hildebrand (2), emulsions of silver soaps 
are of the unstable water-in-oil type. 

Emulsification was, however, accomplished in the 
following way: To 1 Gm. of the silver soap were 
added 15 cc. of oleic acid and the mixture heated, 
with stirring, to 90° C. at which temperature solu- 
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tion resulted. On cooling, the solution became a 
homogeneous pasty mass. It was transferred to a 
mortar, 3 cc. of triethanolamine were added and 
thoroughly incorporated into the paste. Water 
was then added in 10-cc. portions, with emulsifica- 
tion after each addition. The resulting grey-white 
emulsions became sufficiently fluid to pour after 
about 150 cc. of water had been added. 

It was found that emulsification could also be 
effected by using 1% ephedrine sulfate solution in- 
stead of water as the dispersion medium; solutions 
of ephedrine alkaloid itself could not be used, how- 
ever, because a slippery mixture which could not be 
rubbed against the sides of the mortar resulted. 

Silver oxalate and silver succinate, prepared by 
treatment of the sodium salts of the acids with silver 
nitrate, were also emulsified with water and with 
1% ephedrine solution in the same manner. These 
salts did not dissolve in the hot oleic acid but were 
mixed with the acid before emulsification. 

The results of penetration tests performed on the 
emulsions were given in Table II. The zones were 
the same for the aqueous as well as the ephedrine 
emulsions. The figures are the average of ten 
separate tests. 


Table II 


Preparation Zone of Penetration 
Silver oleate emulsion 5.0 mm 
Silver palmitate emulsion 5.0 mm 
Silver stearate emulsion 5.0 mm 
Silver oxalate emulsion 6.0 mm 
Silver succinate emulsion 6.0 mm 
Oleic acid 0.0 mm 
Ephedrine sulfate 1% 0.0 mm 
Triethanolamine 0.0 mm 


Argyrol and protargol solutions containing 1% 
and 2% silver concentrations all gave zones of 12.0 
mm. Potentiometric determination of silver ion 
concentration in the emulsions and in the protein 
silver preparations failed to establish correlation be- 
tween the concentration of silver ions present and 
the widths of the zone of penetration in each case. 

Each emulsion was divided into three parts, and 
each part was stored under different conditions as a 


Table III 


Diffuse Light 
Days 
2345678 
0 0 O sl. increased 


Emulsion 1 
Silver oleate 


dk. darkening 


Silver stearate 0 0 O sl. increased 


—> 
dk. darkening 


Silver palmitate 0000 sl. 


dk. 
Silver oxalate 00000 sl. 
dk. 
Silver succinate 00000 sl. 
dk. 


Key: 0 indicates slight change. 


dk. indicates darkening. 


Amber Bottle 
Days——_-— 
12345678 


00000000 


Daylight 
Days 
12345678 


sl. increased 
dk. darkening 


sl. increased 


00000000 


dk. darkening 
d 
s increase 900000000 
dk. darkening 
1. 
————— 
dk. 
sl. 
—» 
dk. 


sl. indicates “slight.” 
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test for stability. One part was exposed to daylight 
in ordinary glass bottles, another in amber bottles 
and the third in the diffuse light of the laboratory. 
The preparations were examined daily and any 
changes in color noted. Table III lists the changes 
on standing of the emulsions prepared with water as 
the dispersing medium. 

The emulsions prepared with ephedrine sulfate as 
the dispersing phase behaved in a similar fashion 
except that they began to darken about a day sooner 
than those prepared with water. 

The emulsions stored in amber bottles began to 
darken after four months, gradually becoming deep 
brown in color. 


PART THREE 


The third portion of the experimental investiga- 
tion was confined to attempts to prepare stable 
water or oil-soluble combinations of ephedrine and 
silver which would possess antiseptic properties. 

It has long been known that silver will form com- 
plex ions with certain reagents, one of these being 
ammonia. Since ephedrine contains a secondary 
amino group the nitrogen of which is trivalent and 
basic as in ammonia (see formula), it was hoped that 
a combination of the type Ag(ephedrine),Cl could 
be prepared in the same way that Ag(NH;):Cl is 


prepared. 
.CH.CHs 


Because ephedrine is rather expensive, quinine 
alkaloid, which possesses two basic nitrogen atoms 
in the molecule (see formula), was selected as the 
compound to be refluxed with some silver salts in 
an attempt to combine the metal with the organic 
molecule. It was hoped that should a combination 
with this alkaloid be secured, the same reaction 
might be applicable using ephedrine. 


H,C H, CH.CH:CH; 


d 
CH,O —CHOH——CH CH; CH; 
N 


Quinine 


Refluxing freshly prepared silver chloride and 
quinine together in methanol, ethanol, ether or 
chloroform gave no combination of the two sub- 
stances. 

A combination of quinine and silver was secured 
by refluxing 2 Gm. of silver oleate with 4 Gm. of 
quinine in 50 cc. of methanol. The dried reaction 


product was a yellowish, hydroscopic powder, which 
gave on analysis 8.6-9.4% silver and which had the 
odor of oleic acid. This quinine silver oleate, as the 
substance was called, was soluble to some extent in 
oleic acid, but insoluble in ethyl oleate and in water. 

No silver-containing preparation could be ob- 
tained when the experiment was repeated using silver 
stearate or silver palmitate instead of the oleate. 

It was hoped that, since the oleate had reacted 
with quinine, it might do so with ephedrine. Ac- 
cordingly, 2 Gm. of ephedrine and 2 Gm. of silver 
oleate were refluxed together in 50 cc. of methanol 
for 15 minutes, at the end of which time practically 
all of the oleate had dissolved. The solution was 
filtered and set aside to evaporate in the dark. 
Darkening of the solution occurred on standing. 
Drying of the darkened concentrate was attempted 
by vacuum desiccation, but a dark brown, sticky 
residue which could not be dried resulted. Change 
of solvent did not alter the results. 

The stearate, palmitate and lactate of silver re- 
acted with ephedrine when refluxed with the alkaloid 
in methanol to yield silver-containing residues on 
evaporation of the solvent. The following silver 
salts, however, did not combine with ephedrine un- 
der similar conditions: 

1. Silver citrate 

2. Silver tartrate 

3. Silver oxalate 

4. Silver succinate 

5. Silver acetate 

6. Silver mandelate 

7. Hexamethylenetetramine silver nitrate 


PART FOUR 


An attempt was made to prepare a water-soluble, 
antiseptic silver compound of such a nature that it 
could be chemically combined with ephedrine. 

It has been mentioned before that silver nitrate 
reacts with the alkali salts of organic acids to yield 
the corresponding silver salt of the acid. With 
almost no exceptions these silver salts are quite in- 
soluble in water as well as in the common organic 
solvents. A study of the solubilities of some silver 
salts of aromatic acids revealed, for example, that 
whereas silver benzoate is insoluble in water, silver 
salicylate, which can be prepared quite readily from 
sodium salicylate, is more soluble; the substitution 
of a polar (hydroxyl) group for a hydrogen atom in 
the atomatic nucleus had caused an increase in 
solubility. However, silver salicylate was not as 
soluble as we wished our silver salt to be; moreover, 
it did not contain active groups which would permit 
chemical linkage with ephedrine. 

In order to increase the solubility as well as to 
introduce a group which could combine chemically 
with ephedrine, it was decided to resort to sulfona- 
tion. The problem was to secure a sulfonated 
aromatic acid, attach silver to either the sulfo or 
carboxyl group, leaving the remaining acid group 
free to react with the basic alkaloid, ephedrine, to 


form a salt. 
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Some method of introducing silver into only one 
of two acid groups attached to an aromatic nucleus 
had to be found. Whereas difficulties might be 
encountered if the ordinary procedure of reacting 
the sulfonated acid with the proper silver salt were 
followed, it occurred to us that these might be 
avoided if we could sulfonate the silver salt itself. 
Search of the literature failed to disclose accounts 
of any attempts to sulfonate metallic salts of aro- 
matic acids. Obviously, any method used must in- 
volve conditions that would prevent splitting off 
the metallic element during the sulfonation. For 
this reason common sulfonating agents such as 
oleum (fuming sulfuric acid) and concentrated sul- 
furic acid were eliminated. A non-ionizing medium 
was indicated. 

Passage of sulfur trioxide gas into stirred chloro- 
formic and ethereal suspensions of silver benzoate 
did not effect sulfonation. Sulfonation was achieved, 
however, by the action of chlorosulfonic acid on 
silver salicylate suspended in dry chloroform. The 
yield was poor, so the silver sulfo compound was 
prepared indirectly by first sulfonating salicylic 
acid with chlorosulfonic acid and then saturating an 
aqueous solution of the sulfonated salicylic acid with 
freshly precipitated silver carbonate. The solution 
was filtered and set aside to crystallize. At the end 
of 24 hours, large prismatic crystals were discernible. 
When the liquid had evaporated to small volume, 
the colorless crystals were removed and placed on 
filter paper in order to remove the adhering liquid. 
The crystals on analysis showed a silver content of 
33%. The formula of the silver sulfosalicylate 
would probably be represented by A. 


HO COOH 
\ 

SO,Ag 


The silver salt showed the following properties: 

1. Efflorescent in the air—becoming white in 
color. 

2. Freely soluble in water, hot glycerin and glycol 
solutions. 

3. Insoluble in alcohol, ether, chloroform, ace- 
tone, mineral oil, ethyl acetate, benzene and nitro- 
benzene. 


Attempts to Form the Salt of Ephedrine with Silver 
Sulfosalicylate-—Solutions of silver sulfosalicylate 
are strongly acidic, a 5% solution having a pu of 
1.75. For this reason we hoped to be able to 
combine the compound with ephedrine alkaloid in 
accordance with the following reaction: 


SO,Ag H CH; 
+ 
CH; OH 
HO COOH 
CH; OH 


No well-defined salt could be obtained from solu- 
tions containing equi-molal amounts of the two salts. 
Reduction occurred in every case. 

Mixtures of silver sulfosalicylate and ephedrine 
were prepared and investigated with respect to 
stability, px and penetrating power in order to de- 
termine their suitability for therapeutic use. The 
mixtures were prepared by adding measured 
amounts of 1% ephedrine solution to known 
amounts of 1% silver sulfosalicylate solution. De- 
terminations of pa were made by means of a “‘Beck- 
man py meter.’”’ Table IV gives the composition, 
pu and zone of penetration of some of the mixtures. 


Table IV 


Ce. of 1% Silver Cc. of 1% 
Mixture Sulfosalicylate Ephedrine Du 


AI 5.0 25.0 10.2 
BI 10.0 20.0 9.5 
cI 15.0 15.0 8.3 
DI 20.0 10.0 4.4 
EI 25.0 5.0 2.55 
FI 30.0 - 2.0 


The solutions were allowed to stand at room tem- 
perature exposed to artifical laboratory illumination 
and the changes on standing noted. These changes 
are given in Table V. 

Solutions AJ, BI and CI showed silver mirror de- 
posits after 4—5 days’ standing. After three weeks, 
solution DJ had acquired a pink color and solutions 
El and FI showed a slight amount of dark sediment. 


Table V 
Mixture After 24 Hours After 48 Hours After 72 Hours 
Al Slight dark sediment Increase in sediment — — on sides 
ttle 
VI Slight light-colored Distinct dark sedi- Silver deposited on sides 
sediment ment of bottle 
CI Slight light-colored Increase in sediment Silver deposited on sides 
sediment of bottle 
DI Slight white sediment Little increase in sedi- No change 
ment; solution 
faintly yellow 
EI Slight white sediment No change No change 
FI No change No change No change 
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The great difference in px shown by solutions 
AI and DI was rather puzzling; however, the sud- 
den jump in px may have been due to the fact that 
the end-point of neutralization of the acidic silver 
salt with the base had been exceeded in solution AJ. 

Of the solutions prepared, only DJ had a py 
which would permit of its safe use in the nasal pas- 
sage. This preparation showed little change of color 
and only slight sedimentation after three weeks’ 
standing. 

The Preparation of Stabilized Mixtures of Silver 
Sulfosalicylate with Ephedrine.—With the object in 
view of finding a substance which would contribute 
to the stability of solutions containing silver sul- 
fosalicylate and ephedrine, the following materials 
were added to solutions of the silver salt and ephe- 
drine: gelatin, acacia, dextrin, glucose, sucrose and 
urea. The solutions were prepared so that the pu 
would range from a px of approximately 4.5 to 7.0. 
Tables 10 to 18 of the thesis indicate the composi- 
tions and py of the various mixtures, and Table 
19 the changes on standing. 

The silver salts of ortho and para aminobenzoic 
acids were prepared similarly to the silver sulfo- 
salicylate. Lack of time prevented stability tests 
on solutions of these salts. 


SUMMARY AND CONCLUSIONS 


1. The zones of penetration of several 
insoluble silver salts in finely dispersed form 
have been determined. 

2. Emulsions of silver oleate, palmitate, 
stearate, oxalate and succinate with and 
without ephedrine have been prepared and 
found to display reasonably good zones of 
penetration. It was found that storage in 
amber bottles greatly delayed the time of 
darkening of the emulsions. 

3. A combination of silver oleate with 
quinine was secured by refluxing the two 
materials in methanol; the stearate and 
palmitate of silver did not react in a similar 
manner with quinine. 

4. The reaction product of silver oleate 
and ephedrine in methanol darkens and 
decomposes when attempts are made to re- 
cover it from the filtrate; the addition of 
antioxidants such as phenol or benzaldehyde 
does not prevent the decomposition. 

5. Three new soluble silver salts having 
antiseptic properties have been prepared. 

6. Sulfonation of a silver salt of an aro- 
matic acid has been accomplished. 

7. Combination of silver sulfosalicylate 
with ephedrine alkaloid in the form of a salt 
is difficult because of the reducing effect of 


the alkaloid on the silver ion. This effect 
is more marked in solutions which tend to- 
ward alkalinity. 

8. The stability of mixtures containing 
ephedrine and silver may be increased by the 
addition of a third substance. Gelatin, 
acacia, sucrose, urea or combinations of any 
of those may be used. The effect seems to 
be retardation rather than prevention of the 
reduction of the silver. 

9. The addition of a reducing substance 
(antioxidant) as a stabilizing agent is un- 
satisfactory because reduction of the silver 
takes place more rapidly; however, the addi- 
tion of an oxidizing agent, e. g., quinone, 
also seems to hasten reduction of the silver. 
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Book Review 


Standard Methods of the N. Y. State Department 
of Health, by AuGcustus B. WapsworTtH. 2nd 
Edition. xxiv + 681 pages, 6x 9. 1939. Balti- 
more: Williams and Wilkins. $7.50. 

This volume is a compilation of the laboratory 
methods of the Division of Laboratories and Re- 
search of the N. Y. State Department of Health. 
It contains all of the general procedures found useful 
in a large clinical laboratory and covers general 
bacteriological technique, the use of test animals, 
fu determinations, collection of cultures, chemical 
methods used in clinical work, preparation and 
sterilization of media and glassware, methods used 
for the examination of various types of specimens 
for pathologic abnormalities and methods used for 
the examination of water, milk, cream and sewage. 
Of particular interest to the pharmacist is the sec- 
tion devoted to the preparation of antitoxins, 
serums, etc., with notes on the care and breeding of 
laboratory horses, sheep and other animals. The 
book is believed to possess value for biological 
manufacturers as well as clinical laboratories.— 
A.G. D. 


CORRECTION 


In column one, page 396 of the September 
issue, change last sentence to read: “‘All 
readings were made at 25° C.”’ 
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ESTABLISHED 1650 


Among the vorious types of laboratory onimals, the frog is of no 
little importance in the stondardization of drugs, especially when 
efiect upon circulation needs to be observed ond studied. 


THE FLAME of 


SCIENTIFIC RESEARCH 


Chemotherapy is still in its infancy. The secrets sealed in the endocrines and 
biological substances challenge the scientist to uncover them. The synthesis 
of drugs is an ever tempting invitation to search for perfection. 

Without a foundation resting on research, medicine cannot build. Without 
new knowledge for guidance, medicine cannot advance. In the Warner 
Institute for Therapeutic Research, men and women, versed in science and 
trained in research, are concentrating to discover better ways, safer drugs 
for the alleviation of human ills. 

Aided by modern precision equipment, often specially devised and 
constructed, these men and women work, unhampered by commercial con- 
siderations, to aid medicine in its altruistic purpose, by improving existing 
therapeutic substances, by discovering new ones, and by enlarging our 
knowledge of them. 

It is the privilege of William R. Warner & Co., Inc., to foster the Warner 
Institute for Therapeutic Research and to make available the fruit of its 
labors to physicians and pharmacists and, through them, to the public. 


113 West 18th St, New York,N. Y. * 404 South 4th St, St. Louis, Mo. 


A tissue section, one ten-thousondth of on 
inch in thickness, without distortion of the 
minute cellulor structures, is cut by the razor- 
sharp knife of the microtome. This allows 
microscopic study of changes in animal tissues. 


WILLIAM R. WARNER & COMPANY, 


A world-wide organization with laboratories and agencies in 75 foreign countries. 
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Send for Complete PRICE LIST 


J. L HOPKINS & CO. 


220 BROADWAY e§ NEW YORK 
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Rugged Scale for 
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No. 4555 


Capacity 160z. Sensitive to 4 grain. Removable pan 5 in. Graduated 
beam, 150 grains by 1 grain, and 10 grams by 1/10 gram. Price. . .$43.00 


THE TORSION BALANCE CO. 


Main Office: 92 Reade Street, New York Cit Branch: 228 No. La Salle Street, Chicago 
Factory: 147-153 Eighth St., Jersey City, N. J. Branch: 1400 16th St., San Francisco 
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on every box of ‘Sucrets’ lozenges at 25¢. 
Customers find that the prompt relief 
‘Sucrets’ bring to irritated throats warrants 
paying a quarter. They appreciate your 
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Sucrets users are fast increasing. Pick- 
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MASTER OF PNEUMOCOCCUS—MASTER OF STAPHYLOCOCCUS 


Sulfathiazole-Winthrop is a highly efficient weapon in the mastery of § 
pneumonia and staphylococcus infection. As compared with its pyridine B® 
analogue, it has the important advantage of being . 


vomiting. Published reports on its value are accu- 


ylococcus infection, and that it is available in 
several packages through the drug trade. 


Sulfathiazole-Winthrop is an emergency pre- 


CHEMICAL 
COMPANY, INC. 
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Captured in Canisters 


... the fresh potency of 


PENICK’S PACKAGED BOTANICALS 


PENICK’S PACKAGED BOTANICALS are sup- 


plied in containers specially designed to pro- 
tect their potency and minimize deterioration. 
There’s no waste; no loss. ° 


Fully Starting with the pick of the world’s botanical 
crops, each item is put through microscopic 
examinations, biological tests for potency and 
chemical tests for active principles. Deft 
hands then quickly and accurately sort, weigh 
and package each item. 
Uniform and neat, this fast-moving line of 
Displayable 
Profitable packaged botanicals brings your customers 
fresh ‘potency protected” drugs. Every sale 


yields a handsome profit and a satisfied user. 


Stock up now. Use botanicals this economical, 
up-to-date way—use PENICK’S PACKAGED BO- 
TANICALS. 


Order Through Your Wholesaler 


S. B. PENICK & COMPANY 


132 Nassau St., New York, N. Y. 1228 W. Kinzie St., Chicago, Ill. 
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THE GEORGE WASHINGTON UNIVERSITY SCHOOL OF PHARMACY 
(National College of Pharmacy, 1872-1906) 
The School of Pharmacy is located within a few blocks of the 
American Institute of Pharmacy, Washington, D. C. 


Students have the advantages offered by the Government Libraries, Laboratories and 


Museums. 
_ Academic courses are taken in the college of Letters and Sciences with full collegiate 
credit. 
This school is accredited by the American Council on Pharmaceutical Education, and 
holds membership in The American Association of Colleges of Pharmacy. 
A four year course leading to the degree of Bachelor of Science in Pharmacy is offered. 


For catalog, entrance requirements and other information apply to the Director of Ad- 
missions, The George Washington University. 


The Massachusetts College of Pharmacy 
Longwood Avenue, Boston 


The modern practice of Pharmacy requires a modern education and 
training in a college of pharmacy which has adequate facilities for its 
work. The many phases of the practice—in retail stores, in hospitals, 
in government service, in the laboratories and in the sales divisions of 
oe offer pleasing positions and careers to those well trained 
an ucated. 


The Massachusetts College of Pharmacy offers unusual opportunities to those graduates of high 
schools who are interested in pharmacy and pharmaceutical chemistry. 


| A generous endowment makes it possible to offer superior courses at moderate cost to the student. 
For catalogue and further information, write to HOWARD C. NEWTON, Dean. 


COLLEGE OF PHARMACY AND CHEMISTRY, DETROIT INSTITUTE OF TECHNOLOGY 


Graduation from an accredited high school is required of all applicants for admission as candidates for a degree. 
Four-year course in Pharmacy, leading to the “= of Bachelor of Science in Pharmacy. Four-year course in 
Chemistry, leading to the degree of Bachelor of ence in Chemistry. Each year through the co-operation of 
the College, the alumni, and Detroit pharmacists, many students are placed in part-time positions. Fall semester 
opens September 23, 1940. Write for catalog. 


E. P. STOUT, Dean. 303 Downtown Y. M. C. A. Bldg. Detroit, Mich. 2020 Witherell St. 


- Philadelphia COLLEGE OF PHARMACY AND SCIENCE 


The opportunity for undergraduate studies in Pharmacy, Chemistry, Bacteriology, and Biology leadin 

1 to the B Sc. degree is offered at this institution. Graduate studies and research leading to M.Sc. an 
D.Sc. degrees in Pharmacy, Bacteriology, and we 4 offered to — applicants. ntering class 
in Pharmacy for 1941 limited to 100 students. ications now ing received. Modern buildings, 

| complete equipment, and outstanding faculty, goeveis an exceptional education for young men and 
women today. Write for catalogue. 


| 43rd Street, Woodland & Kingsessing Aves., Philadelphia, Pennsylvania, Founded 1821 


School of Pharmacy, University of Maryland 


(Maryland College of Pharmacy, 1841-1904) 
Second semister begins February 1, 1941. Four-year course leading to the degree of Bachelor 
of Science in Pharmacy. Entrance requirements graduation from a four-year high school 
or its equivalent. Graduate work in pharmacy, pharmacology, — etc. 
Baltimore, Maryland A. G. DuMez, Dean 
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FIRE INSURANCE? 


BUSINESS PRUDENCE DEMANDS THAT YOU MAKE 
CERTAIN . . . MAKE CERTAIN THAT IT IS STRONG 
CAPITAL STOCK INSURANCE . . . THAT YOU DO NOT 
PAY TOO MUCH FOR THE REAL PROTECTION GIVEN 
NOR TOO LITTLE FOR SAFETY. . 


OURS IS THE ONLY CAPITAL STOCK FIRE INSURANCE 
COMPANY WRITING ON THE PROPERTY OF RETAIL 
DRUGGISTS EXCLUSIVELY AND WE MAKE FOR THEM 
A SUBSTANTIAL SAVING IN PREMIUM COST. 


THE AMERICAN DRUGGISTS’ 
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American Bldg. Cincinnati, Ohio 
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GENERAL NOTICES 


Remitiances. Annual membership dues, sub- 
scriptions, notices of changes of address, orders 
for subscriptions and back numbers and claims 
for missing numbers should be sent to Secretary 
E. F. Kelly, 2215 Constitution Avenue, Washington, 
D. C. 

Claims will not be allowed for copies of journals 
lost in the mails unless such claims are received 
within sixty days of the date of issue, and no claims 
will be allowed for issues lost as a result of insuffi- 
cient notice of change of address—ten days’ advance 
notice is required. 


Responsibilities for Statements Published. The 
AMERICAN PHARMACEUTICAL ASSOCIATION and the 
Editor of the Scientific Edition of the JouRNAL or 
THE AMERICAN PHARMACEUTICAL ASSOCIATION as- 
sume no responsibility for statements and opinions 
advanced by contributors to THs JOURNAL. 

Advertising. For information regarding adver- 
tising in Tus JourRNAL or the other publications 
of the AssocraTIon, address Secretary E. F. Kelly, 
2215 Constitution Avenue, Washington, D. C. 


NOTICE TO AUTHORS OF PAPERS 


All manuscripts submitted to the Editor or pre- 
sented to the Sections should be ready for publica- 
tion, typewritten in double spacing on one side of 
paper 8'/,” x 11” leaving a margin of 1” to 1'/,”, 
and should be mailed in a flat package—not rolled. 
The original and one copy must be sent together 
with an abstract of not more than 250 words. 
The abstract should include a summarization of 
the conclusions and recommendations, if any, 
reached by the author or authors of the paper. 
The original drawings, not photographs of drawings, 
should accompany the manuscript. Authors should 
indicate on the manuscript the approximate position 
of text figures. All photographs and drawings should 
be marked with the author’s name and address. 

The name of the laboratory or other place in 
which the work is done should be placed as a foot- 
note at end of the first page, giving Department, 
School or College, etc. 

Numerals should be used for figures for all defi- 
nite weights, measurements, percentages and 
degrees of temperature (for example: 2 Kg., 1 
inch, 20.5 cc., 300° C.). Spell out all indefinite 
and approximate periods of time and other numerals 
which are used in a general manner {for example: 
one hundred years ago, about two and one-half 
hours, seven times). 

Standard abbreviations should be used whenever 
weights and measures are given in the metric 
system, ¢. g., 10 Kg., 2.25 cc., etc. The forms to 
be used are: cc., Kg., Gm., mg., mm., L. and M. 

Tables should be given titles and numbered from 
1 up. 

Figures should be numbered from 1 up, beginning 
with the text-figures (line engravings are always 
treated as text-figures and should be designed as 
such) and continuing through the plates. The 


reduction desired should be clearly indicated on the 
margin of the drawing. All drawings should be 
made with India ink, preferably on white tracing 
paper or cloth. If codérdinate paper is used, a blue- 
lined paper must be chosen. Usually it is desirable 
to ink in the large squares so that the curves can 
be more easily read. Lettering should be plain 
and large enough to reproduce well when the draw- 
ing is reduced to the width of one column (approxi- 
mately 2*/, inches) or full page width (5'/, inches). 
Photographs intended for half-tone reproduction 
should be securely mounted with colorless paste. 

“Figure” should be spelled out at the beginning 
of a sentence; elsewhere it is abbreviated to “Fig.”’; 
per cent—2 words. 

The expense of figures and plates, not exceeding 
three, will be borne by the JouRNAL; expense for 
cuts in excess of this number must be defrayed by 
the author. 

References to the literature cited should be 
grouped at the end of the manuscript under the 
References. The citations should be numbered 
consecutively in the order of their appearance 
(their location in the text should be indicated by 
full-sized figures included in parentheses). The 
sequence followed in the citations should be: 
Author’s name (with initials), name of publication, 
volume number, the date in parentheses and page 
number, as follows: 

(1) Doe, J. B., Am. J. Physiol., 79 (1927), 289. 

Papers presented at the annual meeting become 
the property of the AssocrATION and may at the 
discretion of the Editor be published in the JouRNAL. 
Papers presented at the annual meeting or those 
accepted by the JouRNAL may be published in 
other periodicals only after the release of the papers 
by the Board of Review of Papers of the JouRNAL 
OF THE AMERICAN PHARMACEUTICAL ASSOCIATION. 
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VITAMIN B, 
VITAMIN 
VITAMIN 


ANTIPELLAGRIC 
FACTOR 


THIAMINE HYDROCHLORIDE SQUIBB, N.N.R. (Crystalline 
Synthetic Vitamin B, Hydrochloride) —Available in solu- 
tion for parenteral administration and in Tablet and Micro- 
cap* form for oral administration. 


RIBOFLAVIN SQUIBB—Available in 1 mg. capsules for oral 
administration. 


PYRIDOXINE HYDROCHLORIDE SQUIBB—Pyridoxine Hy- 
drochloride Squibb is supplied in Microcaps for oral adminis- 
tration and in solution for parenteral use. 


NICOTINIC ACID SQUIBB—Tablets Nicotinic Acid Squibb, 
25, 50 and 100 milligrams each—for oral administration. 


NICOTINAMIDE (Nicotinic Acid Amide) SQUIBB—Avail- 
able in solution for parenteral administration and in Micro- 
caps and as an elixir for oral administration. 


WHOLE B-COMPLEX PREPARATIONS ALSO AVAILABLE 


B-Complex Syrup Squibb Brewers’ Yeast Powder Flavored, 
B-Complex Capsules Squibb Granules Squibb 
Yeast Tablets Squibb, N.N.R. 


Microcap is a trade-mark of E. R. Squibb & Sons. 


E-R: SQUIBB & SONS, NEW YORK 


MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION SINCE 1858 
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Pioneers Needed! 


When an explorer leaves 
the beaten path, he never knows what lies ahead. 

He may find only barren, worthless wastes. Or he may 
come upon rich deposits of minerals, or great stands of tim- 
ber—completely unsuspected. 
So it is with the explorer in medical research. Leaving 
familiar scientific landmarks behind, he never knows whether 
he will find disappointment, or some new fundamental prin- 
ciple which may greatly benefit mankind. 

But in any case, his pioneering has set up significant guide- 


posts for those who follow. 


DAVIS & COMPANY 


PARKE, 


Divisions of Panxe-Davis Researcn Lanoratonies: Pharmacy Pharmacology Botany Organic Chemistry~ Nutritional 
Chemistry - Analytical Chemistry - Microanalytical Chemistry - Physical Chemistry - Biochemistry - Immunochemistry - 
Endocrinology - Physiology + Histology - Allergy - Bacteriology - Pathology - Immunology - Serology - Mycology 


J 
* 
| 
| 
© | 
/ a 


| 


